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(54) Circuit for generating scanning 
pulses 

(57) A circuit for generating scanning 
pulses has a series of stages, each 
stage liaving tliree insulated gate field 
effect transistors (MOSTs) T32, T33 
and T34. A MOST T3 1 provides an 
input to the series of stages. Each 
stage receives an Input 21Z into the 
gate of the first l^0STT32, outputs 
from the first terminal of the second 
MOST T33 and synchronizing pulses 
^, are applied to the first MOSTT32. 



One terminal of the third MOST T34 is 
connected to the earth line Vs, and its 
gate receives feedback from the 
second terminal of the second MOST 
T39 of the next stage but one In the 
seriea A positive pulse applied to the 
Input 2 1 Z appears to have a higher 
peak at the gate of the first M0STT32 
due to the bootstrap capacitances of 
the first M0STT32. Power 
consumption is thus small. Other 
circuit configurations are also 
disclosed with different arrangements 
of connections to the three MOSJs, 
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SPECIRCATION 

Circuh for generating scanning pulses 

The present Invention relates to a cirouit for 
generating scanning pulses, and more particularly 
b TO a circuit for generating scanning pulses which Is 
constructed from a semiconductor Integrated 
circuit. Further, the present invention relates to a 
pulse generator which generates pulses for 
selectively scanning sequentially and digitally, a 
1 0 large number of photoelectric conversion 
elements situated In an optical reader, or a 
photosensor array of a facsimile, or a solid-state 
. imager, especially to such scanning pulse 
generator which is constructed of an Integrated 
1 5 circuit composed of MIS (Metal-lnsulafor- 
Semlconductor) insulated gate field-effect 
transistors. 

It Is known In the prior art that a circuit for 
generating scanning pulses may use a shift 
- 20 , regijBtf r tvpe scanning circuit wherein. In order to 
sequentially scan a large number of photoelectric" 
conversion elements in a linear or coplanar 
arrangement input pulses are delays for a fixed 
time and then delivered In succession by the use 
25 of two or more phases of synchronizing pulses as 
illustrated In Figure 1 A of the accompanying 
drawing& This figure shows a circuit diagram of 
the first three stages of the shift register type 
scanning circuit employing Metal-lnsulatoi^ 
30 Semiconductor insuleted gate field-effect 
transistors hereinafter rsfenred to as "MISTs"). 

Generators and G^ generate synchronizing 
pulses and respectively, and a generator G, 
produces pulses V,^ Also shown Is a D.C. power 
35 supply Vq, and a reference voltage terminal 

which usually Is earthed. Transistors and are 
load MISTs which are In the saturation state 
because the gate and drain electrodes thereof are 
converted to the power supply V^. Transistors 0^ 
40 and Q4 are driver MISTs. A circuit In which the 
source electrode of the MIST and the drain 
electrode of the MIST Q,, or the source electrode 
of the MIST and the drain electrode of the 
MIST Q4 are oontblned in series operates as an 
45 Inverter. Transistors Qq and are transfer MISTa 
Although the following description will be made 
by taking N*channel MISTs as an example and 
employing a positrve logic system (In which a 
posMve high voltage Is expressed by ''1 " and the 
' 50 earth voltage by "0"),tfie description also applies 
to P-channel MISTs by Inverting the signs of the 
voltages. The input pulse V,m which Is applied to 
• the first stage Inverter by the Input pulse generator 
Ga Is delayed by a fixed time determined by the 
56 synchronizing pulses and during the passage 
through each stage, by the transfer MISTs which 
are altemately turned "on" and ' W by the 
synchronizing pulses di and The delayed pulses 
appear at output terminals Vq,, V^j and of the 
60 respective stages as illustrated in the waveform 
diagram shown In Figure 1 B of the accompanying 
drawings. 

The shift register type scanning circuit utilizing 
the MISTs is suited to a semiconductor Integrated 



65 circuit In that ail the circuit elements can be 

febricated from the MISTs and that the febrlcetlon 
process Is comparatively simple. The density of 
elements on the integrated circuit and the 
cvcllcbis peruontage are also enhanced. Since the 

70 operating margin is high and the deviations of the 
characteristics of the respective stages are small, 
the foregoing scanning circuit is excellent for us^ 
as a scanning circuit which requires many output 



76 The scanning circuit described above, however, 
has the following disadvantages: 

(a) Current flows through one of the two stages 
of invertera at all times, so that the power 
dissipation Is high. 

80 (b) Notwithstanding that the ability to power e 
load Is determined by the MIST Q2 (or Q^), the 
channel width of the driver transistor MIST 64 (or 
Q3) depending on the size of the transistor) must 
be made large, so that a large area Is occupied by 

PR thASA nircaijt rifpmpntQ In s^n fntonrAtoH nln^iilt 

More speclficaily, the output off^t voltage V la 
given by the equation : 



La 



90 



where 

VpC supply voltage, 
g^ (Q,): conductance of MIST Q,, 
9ri (Q«): conductance of MIST 
L^: channel width of MIST 
L4: channel width of MIST Q^. 

96 In order to make the offset small, the channel 
width L4 of the MIST must be made large, so 
that the area of the MIST Q4 increases. 

(c) The variation of outut signal voltage is small 
compared with the supply voltage. The "0" level 

1 00 of the output does not reach earth potential (it 

becomes approximately V^-g JQa)/g„(Cg), and the 
"1" level of the output does not reach the 
potentiial of the power supply, either. 

(d) The deviation of the threshold voltege of the 
1 06 MIST Q4 has great influence on the behaviour of 

the circuit 

In addition to the scanning circuit shown In 
Figure 1 A, a shift register constructed of 
complementary MISTs (CMOS) has been devised. 

1 1 0 Using a CMOS circuit the operating speed Is high 
and the power dissipation Is low, and the number 
of constituent elements per stage decreases. 
However, N-channel MISTs and P-channel MISTs 
must be integrated, and the manufacturing 

1 1 5 process becomes complicated, it Is therefore 
desirable to construct the scenning circuit by the 
use of MISTs with the same type of channel. 

Another type of scanning circuit is known 
which exploits the bootstrap effect of MISTs. 

1 20 Figure 2A of the accompanying drawings shows 
the scanning circuit exploiting the bootstrap effect 
as proposed by N. Koike and disclosed In U.S. 
Patent Application Serial No. 764,841 and 
German Offenlegungsschrlft No. 27.05,429). 



In Rgure 2A,a MISTQ^o serves to transfer an 
input pulse (level "1 " or "0") supplied from an 
input pulse generator G3, under the control of a 
synchronizing pulse; a charging MIST Q,, is 
5 connected on the output side of the transfer MIST 
0^0 uiid oSrwSS to doinrof 8 Running output pulse 
to an output side terminal V^, under the control of 
another synchronizing pulse; and discharging 
MIST dj is connected between the output side of 

1 0 the charging MIST Q„ and an earth line and which 
senses to discharge charges stored In an output 
terminal circuit 

Also, a driving MIST Qa and a load MIST Q3 are 
connected In cascade between a power supply 

1 5 line and the earth line, and the gate electrode 
of the discharging MIST % Is connected to the 
Junction between both the MfSTs Qg and Q^. 
The Junction Nj between the transfer MIST Q^^ 
and the charging MIST Q„ Is connected to the 

20 gate electrode of the driving MIST Qq. A bootstrap 
capacitance GB Is connected between the source 

Figure 2B of the accompanying drawings, 
shows the waveforms of the synchronizing pulses 
25 4<t and ji^, the input pulse V,„ and pulses at the 
Junction Nj, the output terminal V^, and the - 
Junction N,. 

The scanning circuit of Rgure 2A Is such that a 
unit circuit Is made up of frve MISTs Q^, Qg, Q^, Q^j, 
30 and , and the basic circuits are connected fn 
many stages. Figure 2C of the accompanying 
drawings shows a waveform diagram of the 
synchronizing pulse and dj, the input pulse V,„ 
and output pulses V^,,, V^j and 

35 This scanning circuit exploiting the bootstrap 
effect of MISTs has the advantage that it is no 
longer necessary to provide a continuous current 
to hold the stage of an inverter, so tha power 
dissipation is reduced However, it has the 

40 disadvantage that noise In the bandwidth Is likely 
to occur due to the difference of the waveforms of 
the synchronizing pulses and (due to the 
difference between the pulse shaping units). The 
scanning circuit of Figure 2A requires the five 

45 M 1 STs and one bootstrap capacitance of 
sufficiently large capacitance to form the 
fundamental constituent elements for each stage 
and has not got a simple construction so that a 
problem remains due to the density of elements 

50 on the Integrated circuit. 

A scanning circuit exploiting the bootstrap 
effect has also been disclosed In U.S. Patent 
Speciffcatlon Na 3,829,71 1. It also required five 
MISTs, forming constituent elements of each 

55 stage, which forms a problem due to the density of 
elements In the integrated circuit 

According to a first aspect of the present 
Invention there is provided a circuit for generating 
scanning pulses comprising a plurality of stages of 

60 basic circuits connected In series, each basic 
circuit Including a first a second and a third 
insulated gate field-effect transistors (hereinafter 
referred to as MISTs), each MIST having a first and 
a second terminal and a gate terminal; 

65 the first terminal of said first MIST being used 



as a synchronlzing-pulse-applying terminal, the 
second terminal of said first MIST being used as a 
scanning pulse output terminal, and the gate 
terminal of said first MIST being used as an input 
70 terminal; 

the first tenminal and the gate terniinal of said 
second MIST being electrically connected 
together and to the second terminal of said first 
MIST, and the second terminal of said second 
75 MIST being used as an output terminal; 

the first terminal of said third MIST being 
electrically connected to the second terminal of 
said second MIST, the second tennlnal of said 
third MIST being used as an earth terminal, and 
80 the gate terminal of said third MIST being used as 
a feedback input terminal. 

According to a second aspect of the present 
Invention there Is provided a circuit for generating 
scanning pulses comprising a plurality of stages of 
85 basic circuits connected In series, each basic 
circuit including a first a second and a third 

referred to as MISTs), each MIST having a first and 
a second terminal and a gate terminal; 
90 the first terminal of said first MIST being used 
as a synchronlzlng-pulse^-applying terminal, the 
second terminal of said first MIST being used-as a 
scanning pulse output terminal, and the gate' 
terminal of said first MIST being used as an Input 
95 terminal; 

the first terminal of said second MIST being 
electrically connected to the second terminal of 
said first MIST, the second terminal of said second 
MIST being used as an output terminal, and the 
1 00 gate terminal of said second MIST being 

connected to the synchronlzlng-pulse-applying 
terminal; 

the first tenminal of said third MIST being 
electrically connected to either the scanning pulse 

1 05 output terminal or the output terminal, the second 
terminal of said third MIST being used as an earth 
terminal, and the gate terminal of said thinj MIST 
being used as a feedbacic input terminal. 
According to a tWrd aspect of the present 

1 1 0 Invention there Is provided a circuit for generating 
scanning pulses comprising a plurality of stages of 
baslacirouits connected in series, each basis 
circuit Including a first a second and a third 
Insulated gate field-effect transistors (hereinafter 

1 1 5 refen^d to as MISTs), each MIST having a first and 
second terminal and a gate terminal; 

the first terminal of said first MIST belng.used 
as a synchronizlng-pulse-applying terminal, the 
second tennlnal of said firet MIST being used as a 

1 20 scanning pulse output terminal, and the gate 

terminal of said first MIST being used as an Input 
terminal; 

the first terminal of said second MIST being 
used as a power supply terminal, the second 
1 25 terminal of said second MIST being used as an 
output terminal, and the gate terminal of said 
second MIST being electrically connected to the 
second terminal of said first MIST 

the first terhilnai of said third MIST being 
1 30 electrically connected to either the scanning pulse 
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output terminal or the output terminal, the second 
terminal of said third MIST being used as an earth 
^ terminal, and the gate terminal of said third MIST 

being used as a fieedback Input terminal. 
5 The present invention will now be described In 
greater detaiU by way of example, with reference 
to the remaining figures of the accompanying 
drawings, wherein: — 

Figures 3A and 3C are schematic sectional 
1 0 views through Metal Oxide — Semiconductor 
Insulated gate field-effect transistors (hereinafter 
referred to as MOSTs); 
i, Rgures 3B and 3D are circuit diagrams 

showing parasitic capacitances of the MOSTs; 
1 5 Figure 4A is a circuit diagram showing a circuit 
for generating scanning pulses which utilizes the 
bootstrap effect of MISTs; 

Figure 4B is a waveform diagram showing 
potential changes at various nodes In the circuit 
20 shown in Rgure 4A; 

enmbodimeht of a scanning pulse generator circuit 
according to the present Invention; 

Figure 5B Is a waveform diagram showing 
25 synchronizing pulses, an Input pulse and output 
pulses in the circuit shown in Rgure 6A; 

Figure 6 Is a circuit diagram showing a 
modification of the circuit shown in Rgure 6A; • 

Figure 7 is a circuit diagram showing a second 
30 embodiment of the scanning pulse generator 
circuit according to the present Invention; 

Rgure 8 is a circuit diagram showing a third 
embodiment of the scanning pulse generator 
circuit according to the present invention; 
3 5 Rgure 9A is a chxsuit diagram showing a fourth 
embodiment of the scanning pulse generator 
circuit according to the present Invention; 

Rgure 9B is a waveform diagram showing 
synchronizing pulses, an input pulse and potential 
40 changes at various points In tha circuit shown In 
Figure 9A; 

•L. Rgure tOA Is a circuit diagram showing a fifth 

embodimentof the scanning pulse generator 
circuit according to the present Invention; 
45 Figure 1 0B Is a waveform diagram showing 
^ synciironlzing pulses, an Input pulse and potential 

changes at various points In the circuit shown in 
Rgure 10A; 

Rgure 11 A Is a circuit diagram showing a sixth 
50 embodiment of tha scanning pulse generator 
circuit according to the present invention; 
. . Figure 1 1 B is a. waveform diagram showing 

synchronizing puliBes, an input pulse and potential 
changes at various points in the circuit shown In 
55 Figure 11 A; 

Figures 12 to 18 are circuit diagrams each 
showing a modification of the scanning pulse 
generator circuit shown In Rgure 1 1 A; 
Figure 1 9A is a circuit diagram showing a 
60 termrnattng circuit of the scanning, piilse generator 
circuit shown In Figure 1 1 A; and 

Figure 1 9B Is a waveform diagram showing 
synchronizing pulses, an input pulse and potential 
changes at various points in the circuit shown in 
65 Rgure 1 9A. 



The present invention consists of a 
semiconductor device in which a dynamic scanner 
(shift register) is constructed by exploiting the 
bootstrap effect of MIST& 
70 The bcctstrcp sffsct eAHloiled in the scanning 
pulse generator circuit of this invention will now 
be described with reference to an N-channel 
MOST in which signal charges are electrons and 
which employs an SIO, film as a gate Insulating 
75 film, in Rgures 3A and 3C Is shown a silicon 

substrate 1 of P-type conductivity, N-type diffused 
layers 2 and 3 to sen/e as a drain electrode and a 
source electrode respectively, a gate electrode 4 a 
gate insulating film 5 (for example, made of Slo,), 
80 a field oxide film 6 (for example made of SlOj), 
drain and source electrode connections 7 and 8 
respectively, and an ISt-type Inversion layer 9. In 
Figure 3 A, when the gate electrode 4 Is at zero 
Volts, no inversion layer is formed In the surface of 
85 the P-type SI substrate 1 underiying the gate 

- , ^^xlde Jlnri 5. VVhjtn ja DO$itiva,ypitage^i^ a voltaoe 
greater than the threshold v^^ 
MOST) is applied to the gete electrode 4; the N- 
type inversion layer 9 Is formed as illustrated in 
90 Rgure 3C, and the N-type diffused layers 2 and 3 
are electrically connected. By way of example, the 
capacitlve coupling between the N-type diffused 
layer 2 and the gate electrode 4 is illustrated in 
Rgures 3B and 3D. 
95 When the gate electrode 4 is at zero volts, the 
coupling capacitance between a terminal 12 
conasponding to the N-type diffused layer 2 and a 
terminei 1 4 corre^nding to the gate electrode 4 
consists only of a capacitance 22 due to their 

1 00 structural overlap. The terminal 1 4 has an overlap 
capacitance 21 between the gate electrode 4 
substantially connected to earth 20 and P-type Si 
substrate 1, an overiap capacitance 23 between 
the gate electrode 4 and the N-type diffused layer 

105 3 Indicated by a terminal 13, which form parasitic 
capacitances which suppress the effect of the 
coupling capacitance 22 and a parasitic 
capacitance 24 of the other parts connected to the 
gate electrode 4 (Figure 3B). 

110 . Alternatively, in the case where the positive 
voltage (>V J Is applied to the gate electrode 4, 
the capacith/e coCiplfng between the gate 
electrode 4 (terminal 1 4) and the N-type diffused 
layer 2 (terminal 1 2) Includes, in addition to the 

1 1 5. capacitance 22, the sum of a capacitance 25 
between the gate electrode 4 and the inversion 
layer 9 to replace the capacitance 21 and the 
overlap capacitance 23 between the gate 
electrode 4 and the N-type diffused layer 3 

1 20 (terminal 1 3). It Is only the parasitic capacitance 
24 that is connected to earth 20. The 
capacitances 22 and 23 are usually equivalent. 
The capacitances 21 and 25 are also substantially 
equal, and ordinarily they have a value nearly one 

125 order greater than the capacitance 22. 

IHence, the Junction capacitance between the 
N-type diffused layer 2 and the gate electrode 4 
has the nature of a varactor capacitance which 
varies greatly depending upon the voltage applied 

1 30 to the gate electrode 4. It produces the bootstrap- 



like effect that when a posftfve voltage Is applied 
to the gate electrode 4 In advance, the Impression 
of a positive pulse on the N-type diffused layer 2 
raises further the voltage of the gate electrode 4. 
5 The present Invention consists of a circuit for 
generating scanning pulses which utilizes the 
property of the varsctor capacitance, and this 
principle Is Illustrated in Figures 4A and 4B. Figure 
4A shows two stages which correspond to a basic 
1 0 circuit, whilst Rgure 4B shows a waveform 
diagram of principal points A to E Loads 46 and 
46 may be resistances, capacitances or a 
combination thereof. When, In the case where the 
voltage of the point C Is made positive In advance, 
15a synchronizing pulse becomes positive, the 
potential of the point C is raised and a IVIOST 43 
applies the synchronizing pulse ^ the load 46 
under a non-saturation condition. 

Design conditions may fulfill the following. 
20 Assuming, by way of example, that the voltage 
drop of the point C at the time when th e point B 
haahscorne, positive A v.(— V-j^,X^» -JUL-.-.*^ 



where Is the amplitude of and rfj, and K ie 
the body effect constant), the following equations 
25 hold. 



(1) 



C2V0 



C, + + C3 + C4 



th 



(2) 



In the case where die loads 4B and 4& have a 
low value of resistance of capacitance, a 
30 capacitance or high resistance (of the order of 1 0' 
: to 1 0^ ohms In ordinary IC element dimensions 
and uses) is connected In parallel therewith or a 
MOST which can cause a small amount of current 
to flow steadily or intermittentiy by appi^ng a D.C- 
36 voltage or intermittent voltage to Its gate 

electrode Is situated In parallel therewith, and it 
may then be considered to be part of the toad. 

The scanning pulse generator circuit of the 
present invention utilizes the bootstrap effect and 
40 Is therefore very simple in construction. It does not 
requirs the driver IMGST being disproportionately 
large In comparison with the load as In the 
. conventional inverter, and It Is suited to being 
fabricated from an integrated circuit It has a low 
45' power dissipation. In addition, since the applied 
( pulses 6^ and are applied to the load^ 
unchanged the fluctuations of the pulses to be 
applied to the loads, due to the deviations of the 
characteristics of the MOSTs constituting the 
SO generator circuit (for example, the deviations of 
the threshold voltages V,^), do not occur, and the 
lowering of the amplitude does not occur 
Particulariy in the case where the scanning pulse 
generator circuit is applied to analog devices, (for 
55 example, an image device such as solid-state 
imager and frame memory) noise can be 
substsntlally reduced. When compared with the 
prior-art circuit for generating scanning pulses 



which utilizes the bootstrap effect the circuit for 
60 generating scanning pulses according to the 
present invention can reduce the number of 
constituent elements and reduce the development 
of noise. Further, the potentials of the various 
pc!nts \r, tho Circuit can be easily reset to zero. 
65 The present invention will now be described in 
detail with reference to a series of embodiments. 

The circuit shown In Figure 5A Is a first 
embodiment of the scanning pulse generator 
circuit according to the present Invention, in 
70 Rgure 5B, are synchronizing pulses H, and Hj, an 
input pulse H,„, and output pulses O^, and Oy 
with which, for example, switching MIS transistors 
for horizontal scanning In a solid-state Imager are 
switched. 

75 Referring to Figure 5A, It Is now supposed that 
a point A Is at a high level (hereinafter abbreviated 
to "H"). When the synchronizing pulse Is 
subsequently applied (It becomes "H"), the 
potential of a point B rises through a MOST T*. 

amplitude due to a bootstrap capacitance 5.1 
between the points A and B (although this 
capacitance may be the parasitic capacitance of 
the MOST described previously, a capacitlve 
85 element such as capacitor may alternatively be - 
« added externally, (and this applies to the various 
embodiments of this invention to be stated 
below), and the MOSTT, operates in the non- 
saturation region of its characteristic. Hence, the 
90 pulse O, having the same wavefonm as that of the 
isynchrontzing pulse Is provided at the point B. 
At this time, a MOST T^ turns "on" 
simultaneously, and hence, "H" Is applied to a 
point C. This potential becomes substantially 
96 equal to a value obtained by subtracting the 
threshold voltage of the MOSTT, from the putse 
amplitude V,>. 

When the pulse subsequently becomes 
"H", MOSTs T3 and T^ turn "on", and "H" Is 
1 00 applied to a point E for the same reason as before. 
Further, when the pulse subsequently 
becomes "H", the pulse is similariy provided at 
a point F. At the time, also the MOST T, turns 
"on". Since "H" has been applied to the point C, 
1 05 charges stored therein flow back to the point B, 
the points B and C tend to have equal potentials, 
and the potential of the point B rises from zero 
towards a positive value. 

In, for example, the solid-state Imager, as 
110 regards horizontal output pulses, unless the pulse 
appears only once and the zero potential Is 
maintained thereafter as depicted in Rgure 5B, 
noise will increase. A MOST T, Is a transistor for 
clearing the potentials of the point B and C to zero. 
1 1 5 Since the point F lying at the high level Is 

connected to the gate electrode of MOST T,, the 
MOST Ty turns "on", and the points B and C are 
held fixed at the zer6 potential- A transistor T, has 
the same fonction as that of the transistor T,, and 
1 20 clears points E and O to the zero potential. 
The basic circuit of the scanning pulse 
generator circuit in Rgure 5A is constructed of 
three MOSTs (for example, MOSTs T3, T4 and T^, 
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and the points for deriving the output pulses are B, 
0, F. In Figure 5K the output Is thus derived every 
second stage, and discrete pulses synchronized 
with the clock pulses are obtained as shown by 
5 the output pulses O^, 0„ 0, In Rgure 2B, 
In the circuit shown In Ngure 5A, no D.C. 
current flows, so that the power dissipation Is as 
low as in the case where CMOS components are 
used. In addition, all the elements may be N- 
10 channel MOSTs. 

In the circuit shown in Figure 5A, resetting 
transistors 6 1 and 62 are connected to the output 
pointe B, D, F. Due to the operation of the reset 
. transistors, the operation of the circuit becomes 
1 5 more reliable. Even when the reset transistors are 
Incorporated, the pitch of the shift register is not 
adversely affected. 

Figure 6 shows a modification of the 
embodiment shown in Figure 5A» and It differs in 
20 the method of executing feedback. In Rgure 5A, 
^ thejjotentfalof the point F Is fed back to the point 
C. Conversely; rnRgufe C fte point B receives ^ 
feedback from the point F via MOST Tg, but it may 
altematfveiy receive feedback from the point E 
25 without any hindrance to the principle of the 
present Invention. 

Rgure 7 shows a second embodiment of the 
present Invention. The embodiment of Rgure 7 is 
such that, in Rgure 5A, the drain electrode of the 
30 transfer MOST T^ is connected to the tine of the 
power supply V^, the output O, being applied to 
the gate of the MOST Tj. In the embodiment of 
Rgure 5A, each time the synchronizing pulses 
and Ha turn "on", the MOSTs T, and T^ tum "on", 
35 and the charges of the points B and C move to 
gate electrodes. \M\en the pulses H, and H, tum 
"off', some of the charges may escape to the 
substrate and the potential of the point C would 
then shift towards a positke value to some extent 
40 The embodiment of Rgure 7 avoids this 
disadvantage. The operating principle is 
substantially the same as In the embodiment of 
Figure 5A* 

Even when the MOSTs T, and T3 already have 
45 varactor capacitances consisting of parasitic 
capacitances, an additional capacitor can be 
provided to form a bootstrap capacitance. 

Although the gate electrode of the feedback 
transistor Te In Rgure 7 is connected to the point 
SO E, the feedback may alternatively be made from 
the point D. 

It Is also possible to locate reset transistors (not 
shown) at the output points (B, D, F) as in Rgure 
5A 

55 Rgure 8 shows a third embodiment of the 
present Invention. This embodiment is such that 
compared to the circuit shown in Figure 5A, the 
feedback transistor T^ Is connected to the point B, 
not the point C. 

60 In the foregoing first to third embodiments, the 
outputs 0|, Oj and are the pulses which are 
synchronized with only one of the synchronizing 
pulse and H,. However, this is not restricted to 
the case of using the embodiments as ordinary 

&5 scanning circuits. For example, in Figures 5A and 



5B, when the pulses H, and are pulses of an 
identical shape, output pulses are obtained f ix>m 
the points B, D and F. Thus this method of use Is 
applicable to all the embodiments of the present 

70 invnnflrtn_ 

A fourth embodiment of the present invention 
will now be discussed. 

Rgures 9A and 9B show the fourth 
embodiment of the scanning circuit of this 

75 Invention and pulse waveforms of that circuit, 

respectively. A unit circuit is constructed from four 
MOSTs, for example, MOSTs T„, T„, T„ and T,^. 
Figure 9B is a waveform diagram of an input rf,^ 
driving pulses rf^ and rf^, and potentials at points 

80 1 5A and 1 5B typical of the points in Rgure 9A 
and at points 1 5C, 1 5F and 1 51 at which scanning 
pulses are obtained. Potentials similar to those of 
the points 1 5A and 1 5B appear as the potentials 
of points 1 50 and 14E and points 1 6G and 14H, 

85 with phase delays of 360^ and 720^ 

_ --iSScSPct?ye*Y- A ternrilnal V. Is earthed, but even 
when It is coupjed~to the pulse ii^ a similar effect is 
achieved (though the potential waveform of the 
point 1 5A changes to some extent). 

90 The maximum potential which the point 1 5A 
attains is lowered by a AV^ due to the threshold 
voltage of the M0STT„ and the substrate 
effect, and further lowered by AV, due to the 
charging of the gate capacitance of the MOST T^g, 

95 whereupon the lowered potential is transferred to 
the node 1 5B to render the MOST T^, conducth^e. 
The potential of the point 1 5B Is Increased by the 
varactor-like effect (represented by a capacitance 
151) due to the pulse and rises by AV,. If 
1 00 AV5 ^ + A V| + AVj, the pulse c^, passes 

through the MOSTT^j without any change (with 
the M0STT|3 being in the norvsaturatlon 
condltfon), and it is transferred to the output end, 
for example, the node 1 5C. 
1 05 Owing to the gate electrode capacitance effect 
of the MOST T^^, a potential AV4 appears at the 
points 1 5A and 1 SB each time the pulse 4t 
becomes positive as illustrated in Rgure SB, and it 
periodically renders the MOST T,, conductive. At 
1 1 0 this time, the pulse 4^ is at earth potential, to 
execute the reset operation of stabilizing the 
output to the earth potential at ail times. When 
only the threshold voltage of the MOST T,^ is 
made higher than those of the other MOSTs, this 
115 effect Is Improved. 

The scanning circuit of the present embodiment 
obtains the output pulses only from the driving 
pulse 4y In addition. It is not affected by 
deviations In the characteristics of the respective 
1 20 MOSTs, particularly the threshold voltages of the 
MOSTs T„, etc., it Is free from decay, so that 
the uniformity of operation Is improved. Moreover, 
the required power is conspicuously low, and it is 
not necessary that the driver MOST should be 
125 disproportionately large relative to the load as is 
otherwise required for the Inverter circuit, so that 
the embodiment Is suited to a high degree of 
Integration. 

in order to more intensify the reset operation in 
1 30 the scanning circuit of Figure 9A, a MOST T,, 



which connects the 6^ line and the output tyy the - 
use of pulse rf, may be situated in paraiiel with the 
IVI0STT,3, Even when the drain of the MOSTT^g Is 
connected to the^ earthed terminal V3 instead of 
5 the 6^ line, a similar effect is achieved. 

When a MOSTT,^ whose sotirce end drsrn 
electrodes are connected to the line and whose 
gate electrode is connected to the point between 
the MOSTa T,^ and T^^ is added, it demonstrates a 

1 0 varactor-like effect similar to that of the MOST 7,3, 
eliminates AV2 to be lowered by the charging of 
the gate capacitance of the MOSTT,, and 
simplifies the design conditions. 

When the above two measures are combined, 

1 5 that Is, the MOSTs T„ and T„ are provided, both 
the effects are attaint simultaneously. By 
providing a capacltfve element in parallel with the 
varactor-lilce capacitance 1 51 of the MOSTT,, 
shown in Rgure 9A, AVg can be made greater. 

20 This Is equivalent to increasing the capacitance 23 
in Rgure 2B and Rgure 38. The same effect Is 

present invention. 

Rgures 1 0A and 1 08 show a fifth embodiment 

25 of the scanning circuit according to the present 
invention. R>ur IVIOSTs, for example, MOSTs T^,, 
1*22' "''23 3nd Tj4 constitute' a unit circuit A 
waveform diagram of an Input pulse driving 
pulses and and potentials at points 1 8A to 

30 1 8H typical of the points in Rgure 1 0A Is shown In 
Rgure 108. 

The maximum potential to which, for example, 
the point 1 8C attains, is lowered by AV^ due to 
the threshold voltage of the MOST T„ and the 

35 body effect and Is lowered further by AV^ due to 
the charging of the gate capacitance of the MOST 

whereupon the lowered potential is 
transferred to the point 18D to render the MOST 
T2, conductive. The potential of the point 1 80 is 

40 Increased by the veractor-IIke effect on the basis 
of the pulse and rides by AV,. If AV3 ^ + 
AV, + AVj, the pulse rf, passes.through the MOST 
Tj3 without any change (with the MOSTT^j being 
in the non-saturation condition), and it Is 

45 transferred to the output or the point 1 8E. 

Due to the gate electrode capacitance effect of 
the MOSTTj,, a potential AV4 appears at the 
points 1 8C and 1 80 each time the pulse 62 
becomes positive as Illustrated In Figure 1 08, and 

50 it periodically renders the MOST T,, conductive. 
At this time, the pulse ^ Is at earth potential, to 
execute the reset operation of stabilizing the 
output end to the earth potential at al^tlmes. 
When only the threshold voltage of the MOSTT24 

55 is made higher than those of the other MOSTs, 
this effect is improved. 

in order to intensify the reset operation in the 
scanning circuit of Rgure 1 0A, a MOST which 
connects the line and the output by the use of 

60 the pulse can be provided In paraiiel with the 
MOSTTjy Even when the drain electrode of the 
MOSTTjg Is connected to earth instead of to the 
tf, line, a similar effect Is achieved. 

Further, when a MOST Tj^ whose source and 

65 drain electrodes are connected to the 62 '^^e and 



whose gate electrode is connected to the point 
between the MOSTs Tj, and T22 Is added to the 
scanning circuit of Rgure 1 0A, It demonstrates a 
varactor-lilce effect similar to that of the MOSTT^j, 
70 eliminates AVj to be lowered by the charging of 
tile gate capacitance of the MOST T23 and relieves 
restrictions on the design of the circuit 

Of course, when the above two measures are 
combined, that is, the MOSTs T^g and T„ are 
75 provided, both the effects are achieved 
simultaneously. By providing an additional 
capacitance in parallel with the varactor-like 
capacitance of the MOSTT^g shown in Figure 
1 0A, AV3 can be made greater. This Is equivalent 
80 to increasing the capacitance 23 In Figure 28 and 
Figure 38. The same effect is achieved in any of 
the other embodiments. 

Rgure 1 1 A shows a sixth embodiment of the 
scanning circuit according to the present 
85 invention. Figure 118 shows voltage waveforms at 
various points of the circuit shown In Rgure 1 1A. 

^P*-; — tt., S_ t„ , - I* . . .Via ^ . 4, _ 

briefly described. In the circuit of Rgure 1 1 A, 
when an Input pulse Is applied, a MOST T3, Is 
90 tumed "on** by a clock pulse rfj* and charges are 
stored in a lead 2 1 Z (lead to the gate of a MOST 
T32K Subsequently, when a synchronizing pulse 
reaches a high level ("H"). a point 2 1 A becomes 
"H", and also a MOST T33 turns "on" to make a 
85 point 2 1 B "H". When the synchronizing pulse c^, 
falls to a low level (hereinafter abbreviated to "L"), 
the potential of the point 21 A becomes "L", but 
the point 21 B remains at "H" owing to the diode 
characteristic of the MOSTTa,. The potential of 

1 00 the point 2 1 8 Is the same as the potential of the 
gate electrode of a MOSTT35. When the 
synchronizing pulse rfj becomes "H", also points 
21 C and 21 D become "H". When the 
synchronizing pulse ^2 becomes "L" again, the 

1 05 potential of the point 2 1 C becomes "L", whereas 
the potential of the point 21 D remains at "H". 
Voltages are similariy transmitted to points 2 1 E, 
2 1 F, 2 1 G and 2 1 H. When the potential of the 
point 21 F becomes "H", the gate electrode of a 

1 1 0 MOST T34 becomes "H" and this MOST changes 
to the "on" state, and the potential of the point 
2 1 8 is reset to or "L". 

As seen from Rgure 1 1 8, a train of narrow 
pulses 2 1 A, 2 1 C, 2 1 E, 2 1 G, (spaced pulses) and a 

1 1 5 train of broad pulses 2 1 8, 2 1 D, 2 1 F, 21 H can^ be 
obtained as the outputs of the scanning circuit, the 
pulse amplitude of the pulses 21 A, 210, 21 E, 
2 1 G, Is the same as the pulse amplitude of the 
pulse (or ^2) awing to the bootstrap effect 

1 ZO based on the gate to channel capacitances of the 
MOSTs T32,T3a,T33. 

The power dissipation takes place only In the 
stage to which the Input pulse is transmitted, and 
it is only necessary to charge the load, so that the 

125 power dissipation becomes very low. 

As apparent from the above description, the 
scanning pulse generator circuit of the present 
embodiment consists of three MOSTs per stage. 
For example, the MOSTs Tg^, Tjg and T34 

1 30 consistute one stage; and the drain electrode of 
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the MOSTTq serves as a synchonfzing pulse- 
appfying terminal, the gate electrode of tfie MOST 
T„ as an input terminal of the bads circuit the 
node 21 A as a scanning pulse output terminal, the 
5 point 2 1 B as an output terminal of the basic circuit 
(ic may aiBo serve as the scanning pulse output 
termlnalK the gate electrode of the MOST T,^ as a 
feedbacic input tenmlnaJ, and the source electrode 
of the M0STTj4 as an earth terminal. 

1 0 A modification of this embodiment Is shown in 
Rgure 1 2. This modification is such that, in order 
to Intensify the bootstrap effects of the MOSTs 
Taar T38 and T^, in Figure 1 1 A, additional 
capacitances 22 1 are provided between the gate 

15 and source electrodes. 

Figure 13 ^ows a second modification, in 
which in order to reset the potentials of the points 
2 1 B, 21 0, to "L'', signals are fed back ^m the 
points 2 1 2 1 G to the gates of the MOSTs 

20 T3, (the modification differs from the embodiment 
^-^<rf^.H5i4iAon!yJn ^0 pl9^^^ 

Rgure 14 shows a thM modificatioh, in 
which additional capacitances 241 for 
intensif/ing the brotstrap effects are provided' 

26 between the gates and sources of the MOSTs T32, 
T3, in the embodiment of Figure 1 3. 

Figure 1 5 shows a fourth modification. The 
sources of the resetting transistors T, 
connected to the and 4^ lines. 

30 Rgure 1 6 shows another example. In which 
additional capacitances 261 for Intensifying the 
bootstrap effects are provided in the circuit 
arrangement shown in Figure 1 5. 

Rgure 1 7 shows anoth^ example. MOS 

35 varactors 27 1 are added to the embodiment of 
Rgure 1 1 A. As shown MOS reactors 27 1 are 
connected acrosathe first and gate terminals of 
the first MISTs T,3, T38, T3, etc of respecthfs stages 
in the chain. The MOS reactors 27 1 have; the 

40 property that the capacitances are large only when 
the gates are at "H'\ By way of exampfe^ if the 
potential of the point 21 B la ''H", the gate of the 
MOST T,3 becomes $ufficlently "H" due to the 
capacitance 27 1 , and if the potential is "L", the 

46 capacitance 27 1 is smaf i and haa no 

disadvantageous effect. The MOS varactors can 
also be added to the examples shown In RgurM 
12toT6. 

Rgure 1 8 shows aftmher modification. In 
SO order to Improve the 'V potentials of the points 
21 A, 21a 21 E, 21Gof the scanning circuit in 



figure 1 3, MOSTs T^,, T^, are added. 

These MOSTs for improved resetting can also be 
added to the exampies of Figure 1 1 A, Rgure 1 2, 
56 and Rgures 1 4 to 1 7. 

Waveform diagrams for the circuits of Rgures 
1 2 to 18 are the same as those shown in Figurs 
llfi. 

Advantages of the embodiments described 
60 above are summarized below. 

(a) Three MOSTs per stage suffice for most 
embodiments and the density of integration Is 
enhanced. (However, four MOSTs per stage are 
required in the embodiment of Rjgure 1 8). 
66 (b) With six MOSTs per stage, output pulses 



synchronteed with only (or ^) are obtained, and 
the non-uniformity of the output pulses is reduced. 

(c) When the nodes 2 1 A, 2 1 C, 2 1 E, 2 1 G are 
employed as output terminala, the amplification of 

70 the output pulses la tha Mmn m th^t cf ^1 (cr ^2^ 
the drop due to MOSTs does not occur. 

(d) When considering the output pulse widths, 
a pulse equal to the synchronizing pulse width • 
(narrow pulse width) and a pulse equal to the 

75 synchronizing pulse period (broad pulse width) are 
obtained. 

(e) Inferior parasitic effects (charge pumping 
etc.) do not occur when integrated circuits are 
used. 

80 (f) The power dissipation Is very low. 

(g) In order to operate the scanning circuit only 
«nd vss'QND) are required, and is 
unnecessary. 

Rgure 1 9A shows a terminating circuit of the 
88 above scanning circuits, while Rgure 1 9B shows 

varfatlona at various nodes. 

The circuit Is such that MOSTs Te„ T^, 
and T^ are connected to the embodiment of 
90 Rgure 11 A. 

The potential of a point 2 1 F is reset only when 
the potential of a point 2 1 H is "H", and Is reset by 
a pulse 211 synchronized with rf, by the MOST T--. 
The potential of a polm 2 1 H is reset only when the 
95 potential of a point 2 1 G Is "L\ and is reset by a 
pulse 21J synchronized with rf, by the MOSTT^,. 
The g„ ratio between the IVIOSTe Ta, and T„ may 
be set approximately to g^jsJOn,^ = 8. The MOST 
T„ rieed not be provided, but It may be 
1 00 Incorporated in order to make the operation more 
relieUe. 

Although the line V, is shown as earthed In 
Rgures 6A and 6 only, the line Vg may be earthed 
in each of ^e other embodiments or may. In all 
1 05 eases be at some other suitable reference voltage. 

ClJUMS 

1. A circuit for generating scanning pulses 
comprising a plurality of stages of basic circuits 
connected In series, eech basic circuit including a 
1 1 0 first and second and a third insulated gate field- 
effact transistors (hereinafter referred to as 
MISTs), each MIST having a first and a second 
terminal and a gate termlnai; 

the first terminal of said first MIST being used 
115 as a synchronizlng-pulse^applyfng terminal, the 
second terminal of said first MIST being used as a 
scanning pulse output terminal, and the gate 
terminal of said first MIST being used as an input 
terminal; 

1 20 the first termlnai and the gate terminal of said 
secorKi MIST being electrically connected 
together and to the eecond terminal of said first 
MIST, and the second terminal of said second 
MIST being used as an output terminal; 

1 25 the first terminal of said third MIST being 
electrically connected to the second terminal of 
said second MIST, the second terminal of said 
third MIST being used as an earth terminal, and 
the gate terminal of said thind MIST being used 
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as a feedback Input terminal. 

2. A circuit for generating scanning pulses 
according to daim 1 , wherein said feedback input 
terminal of a first basic circuit is connected to the 

5 output terminal of a second basic circuit which is 
t*ve stsgss -hesd cf the fSrst baslu dVcuit \n uie 
series of basic circuits. 

3. A circuit for generating scanning pulses 
according to claim 1 , wherein said feedback Input 

1 0 terminal of a first basic circuit is connected to tfie 
scanning pulse output terminal of a second basic 
circuit which is two stages ahead of the first basic 
circuit In the series of basic circuits. 

4. A circuit for generating scanning pulses 
1 5 according to any one of the preceding claims, 

wherein the earth terminals of the ba^c circuits of 
odd stages have the second synchronizing pulse 
applied thereto, and the earth terminals of the 
basic circuits of even stages have the first 
20 synchronizing pulse applied thereto. 

5« A circuit for generating scanning pulses 

further comprising a plurality of MOS varactors 
the MOST reactors being connected am>S8 the 
25 first and gate terminals of the first MISTs of 
respective stages In the chain. 

6. A circuit for generating scanning pulses 
comprising a plurality of stages of basic circuits 
connected In series, each basic circuit induding a 

30 first a second and a third Insulated gate field- 
effect transistors (hereinafter referred to as 
MISTs), each MIST having a first and a second 
terminal and a gate terminal; 

the first terminal of said first MIST being used 

38 as a synchronizlng-pulse-appfying terminal, the 
second terminal of said first MIST being used as a 
scanning pulse output terminal, and the gate 
terminal of said first MIST being used as an Input 
terminal; 

40 the first termlnei of said second MIST being 
electrically connected to tfie second terminal of 
saU first MIST, the second terminal of said second 
MIST being used as an output terminer, and the 
gate terminal of said second IMST being 

45 connected to the synchronlzlng-pulse-applying 
terminal; 

the first terminal of said third MIST being 
electrically connected to either the scanning pulse 
output terminal or the output terminal, the second 
50 terminal of the thbd MIST being used as earth 
. terminal, and the gate terminal of said third MIST 
: being used as a feedback Input terminal. 

7. A circuit for generating scanning pulses 
seconding to cisim 6, wherein a first terminal of a 

55 fourth MIST whose gate has a synchronizing pulse 
applied thereto Is connected to said output 
terminal of said basic drcuh, and a second 
terminal of said fourth MIST Is connected to the 
Input terminal of the basic circuit of the 

60 succeeding stage. 

8. A drcult for genereting scanning pulses 
according to claim 7, wherein said feedback Input 
terminal of a first basic circuit is connected to the 
output terminal of the basic circuit of a succeeding 

65 stsge. 



9. A circuit for generating scanning pulses 
according to claim 8, wherein ssid earth terminal 
is connected to said scannirtg pulse output 
terminal. 

70 10. A drcult for generating scannlnoDutses 
comprising a plurality of stages of basic circuits 
connected In series, each basic circuit including a 
first a second and a third Insulating gate field- 
effect trensistore (hereinafter referred to as 
75 MISTs), each MIST having a first and a second 
terminal and a gate terminal; 

the first terminal of said first MIST being used 
as synchronizlng-pulse-applying terminal, and 
second terminal of said first MIST being used as a 
80 scanning pulse output terminal, and 

the gate terminal of said first MIST being used 
as an input terminal; 

the first terminal of said second MIST being 
used as e power supply terminal, the second 
85 terminal of said second MIST being used as an 
output terminal, and the gate terminal of said 
- ^rtJ€?«d MIST brfns ::;:^3^=*^o:^,^3©F^.^^t^^ - 
second tenmlnal of said first MIST; 

the first terminal of said third MIST being 
90 electrically connected to either the scsnning pulse 
ou^ut terminal or the output terminal, the second 
terminal of said third MIST belng^used as an eacth 
terminal, and the gate terminal of sakJ third MIST 
bdng used aa a feedbadc input terminal. 
96 1 1 • A circuit for generating scanning pulses 
• according to claim 1 0, wherein the power supply 
terminals of respective basic circuits are 
connected to a common power supply line. 

1 2. A circuit for generating scanning pulses 

1 00 according to any one of daim 6, 1 0 or 11 , wherein 
said feedback Input terminal of a first basic circuit 
Is connected to either the scanning pulse output 
terminal or the output termlnet of a second basic 
drcult which Is two stages ahead of a first bask: 

1 05 drcult In the series of basic drcuHa 

1 3. A circuit for generating scanning pulses 
according to sny one of the preceding claims, 
wherein the synchronUng pulse-appiying 
terminels of the basic drcults of odd stages have a 

1 10 first sycnhronlzlng pulse applied thereto, and the 
synchronizing pulse-applying terminals of the 
basic circuits of even stages have s secorKi 
synchronizing pulse applied thereto. 

1 4. A drcult for generating scanning pulses 
115 according to any one of the preceding claims, 

wherein said first MIST has a bootstrap 
capacitance between saM gate terminal and sakl 
second termlnei, sakl bootstrap capacitance 
consisting of parasitic capacitances. 
1 20 1 5. A drcult for generating scanning pulses as 
according to any one of the preceding claim, 
wherein aaid first MIST has a capacitor connected 
between its gate terminal and second terminal. 

1 6. A circuit fbr generating scanning pulses 
1 25 according to any one of the preceding claims, 

wherein the earth terminals of the respective basic 
circuits are connected to a common earth line. 

1 7. A circuit for generating scanning pulses 
according to any one of the preceding claims, 

1 30 further comprising a fifdi MIST whose drain is 



connected to said scanning puise output termlnai, 
whtose source is connected to an earth line and 
whose gate has a synchronizing pulse applied 
thereto. 

5 1 8. A circuit for g«nemt?ng scsnnfng p;i!5M 
according to any one of the preceding claims^ 
wherein scanning pulses are obtained from the 
scanning puise output terminals of the basic 
circuits of every alternate stage. 

10 1 9. A circuit for generating scanning pulses 
according to any one of the preceding claims, 
further comprising an Input MIST, a first terminal 
of said input MIST being used as an input pulse- 
applying terminal, a second terminal of said input 

1 5 MIST being connected to the input terminal of the 
basic circuit of the first stage, a gate terminal of 
said input MIST being used as a synchronizing 
pulse-applying terminal 

20. A circuit for generating scanning pulses 

20 substantially as herein described with reference 

7, Rgurs 8, Hgure 9A, Figure 10A, Rgure 1 1A, 



Rgure 1 2, Rgure 1 3, Rgure 1 4, Rgure 1 5, Rgure 
1 6, Rgure 1 7 or Rgure 1 8 or Rgures 1 1 A and- 
25 1 9A of the accompanying drawings. 

New claims or amendments to claims filed on 
i18th September 1979. 

Superseded claims 5 and 1 6. 

New or amended claims: — 

30 5. A circuit for generating scanning pulses 
according to any one of the preceding claims, 
further comprising a pluraiity of MOS.varactors 
(variable capacitors or varlcaps), the MOS 
varactors being connected across the first and 

35 gatetermlnalsof the first MISTs of respective 
stages in the chain. 

1 5. A circuit for generating scanning pulses as 
according to any one of the preceding claims, 
wherein said first MIST has an additional capacitor 

terminal. " '""'^ 
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